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AcontinuousceIlobioseplDductionwasperfbnnedbyfbedingmcmclystaUineceUlulose(MCqsuspension(5.5
mg/inOtother℃actol8CeIlulaseandMCCwe肥heldinthe1℃actoMndonb/thepmducts(ceUobioseandglucoseリ
we肥emsedcontinuousb/、WhentheinitialconcentmtionofMCCandPEAKI(ceUlulasecomponents)inthe1℃actor
we1℃50.0and3.0ｍｇ/ｉｎ４１℃spectiveb/,theconcentmtionofceHobioseinthelEactorwasappmxilnateb'3.0～3.5ｍｇ/､､ノ
dulingthesteadystatefmmappmoxmate町ｌ６５ｔｏ５７６ｈ・Howev肌inthelatestageofthe1℃actiontheMCC
concentmtioninthe1℃actorgmduabinc1℃ased・FIDmthesmulationsofMCChydmb/sispmcessbasedonthe
theo1℃ticalequations,the1℃asonWhythe1℃sidualMCCinthe1℃actorinc1℃asedgmduaHyafterappmximateMOOhof
the1℃actionappea1℃dtobenotthattheinactivationofe､可mneandpmoductinhibitionocculT℃｡,butthatthefbeding
quantityofMCCtothe1℃actorwasexcessive・SincethehydmlysismteofceUulosebyceHulaｓｅｉｓ肥malkabbl
muencedbytheclystamnityofceuuIose,thefbedmgmteofMCCtothe1℃actormustbeaccumtebladjustedtostabbノ
opemtethe1℃actorfbraIongtilneb
htlqoduction
Theoligosaccharidesarelowcaloricsubstancesand
onekmdoffhnctionalfbodshavinganti-bacterialactiviU，
anti-tumolousactiviU,glOwlhactiviMbrBｸｶﾞclb6qc〃伽，
thepreventivefhnctionofaccumulationofcoICstelDlandlhe
preventivefimctionoftoolhdecayandsofbrdl(Sakai,1995；
Ishikura，1992)．Ｃｅllobiosewhichisobtainedby
hydmb/sbofcelluloseisalsooneoflheoIigosaccharides、
Itisahydm]ysis-Iesistantoligosaccharideandhaslhegmwth
activiO/fbrBj6Clb6ac〃〃・ Sincecellulosem
Hgnocellulosicsubstancescannotbedigestedbyhuman
bemgs,thedevelopmentofaneflbctiveploductionmethod
ofcellobiosebyhydmlysisofcellulosewithceuulaseshas
beenmvestigated(HommaeMh,1993;InaandKmoshita，
1993;OoshimaaaL,1991;nniguchi,1989)．However，
smceacrudecellulasepreparationincludesl3Pglucosidase，
thesaccharidesplDducedbycehlosehydl01ysiswithlhe
crudeplcparationarealmostglucoseTherefbre,toobtain
ceUobioseinahighyield，ceUulosehyd【Ｄ]ysismustbe
perfbrmedbyl3-glucosidase-heecellulases（Inaand
Kinoshita,1993;HOnmnaaaL,1993;HOnⅡnaeML,1992)．
Inababchreaction,however,becauseglucoseandcellobiose
accumulatemthelcactorllheproductinhibitionoccuIsand
theen可ﾉmeactiviUdecreasesgJadualb/・Tbavoidthe
pmductmhibition，acontinuousleactionsystemis
advantageous,becauselhehydmUsiscanbecontinuousb／
perfbnnedwithfbedingcelluloseasasubstrabetolhereactor
andefIilsingon1ylhepmductsHOwever,suchinvestigations
arefi3w、
Inlhepresentstudy,firstofall,withfeedingcellulose
suspensiontoadevicefbruIhPafiltration(Amicon)andwith
effhsmgon1ylheproducts,1hecontinuoushydl0Iysiswas
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perfbnnedbylheenｺﾉｍｅｈｅｌｄｉｎｔｈｅｄｅｖｉｃｅａｓａ1℃actｏｒ
(TnnakaeraL,2000)．Secondly,thehydlO]ysisplDcesswas
shnulabedbylheequationsobtainedonthebasisofa
lheoreticalconsidemtion・T11einfluenceoflheclystallinity
ofcellu1oseomhehydlo]ysisraheofcellulosebyceuulase
waseIucidated．
standard．
2.2.CMC-hydlolyzingactiviU
dⅥＣ(carbo】WmethylceHulose)solution(4.4ｍｇ/inﾉ）
waspreparedwithO､O5Msodiumacetatebuflbr(pH5.0)．
TheCMCsolution(５０ｍﾉ)wasaddedtoatesttubeandwas
alloｗｅｄｔｏｓｔａｎｄｆｂｒｌ５ｍｉｎａｔ３０ｏＣＴ１１eIeafterthe
enzymesolution(0.5ｍﾉ)applopriabeb/dilutedp1℃viousb′
wasaddedtolhetestmbeandthehydmUsiswasstarted・
Apartoflhereactionsolution(0.5ｍﾉ)wastakenoutata
constanttimeintewaLaddedtoanothertestmbecontainmg
0.25NNaOHsolution(0.5ｍﾉ),andthebydmb/siswas
stopped・Theconcentranonofreducingsugarwas
measuredbySomogD/fNelsonmeUlod，andCMO
hydrob/zingactivity(mg-reducmgsugalｿg-protein/inin)was
estimated・Glucosewasusedasastandard．
ExpeliInental
l・PaltialpulificationofacmdeceIlulasep庇pamtion
Tenmﾉoflhecrudecellulase(MeicelaseCEP-6000）
solution(0.19/inﾉﾘwereappHedtolhecolumn(Amberlite
CG-50(TypeⅡ),2.4ｘ３９cm)previous]yequHibratedwilh
O､Z5Msodhmnacetabebuffbr(pH4.5),andhactionated
accordingtoastepwisemeIhod(l01MhPaction,f1owmbe:LO
mjhnin)withthesodmmacetatebufIbrs(0.25Ｍ(pH4.5）
and0.30Ｍ(pH5.0))．Ihehactionsobtainedweredesalted
andconcellhHbedwilhcontinuousMbedingO・O5Msodium
acetatebuflbr(pH5.0)inM1edevicefbruIUafiltmtion． ２３.l3PGlucosidaseactiviOノ
沙NitlophenyI6FD-glucopyranoside（p当NPG：０．３
mg/inﾉ)solutionwaspreparedwithO・O5Msodiumacetabe
buHbr(pH5.0)．ThepBNPGsolution(2.0ｍﾉ)wasaddedto
atesttubeandWasallowedtostandfbrl5mmat30oC
ThereafteT1heen⑳mesolution(0.2ｍﾉ)叩propriabelydUuted
previouslywasaddedtolhetesttubeandthehydmb/siswas
started・Apaltoflhereactionsolution(LOmﾉ)wastaken
outat30minofthereactioｎａｎｄａｄｄｅｄtoanothertesttube
containinglMNa2CO3soIution(1.0ｍﾉ)tostoplhereaction
andtodevelopco]or、Theconcen甘ationofp-nitmphenol
(p巳NP)ploducedwasmeasuredasabsorbanceat400nm
6PGlucosidaseactivity,thatispNPG-hydlomngactiviU，
(mg弓PNP/g-pMein/inin)wasestimahed、p-NPwasused
asastandald
2.4.Measulementofcellobioseandglucose
Measu１℃mentofceUobioseandglucosewascalTiedout
byusmgIPIC(cohmm(Tosoh);TSKgelAmide80(4.6
ｍｍｘ２５ｍｍｘ２),elution;acebonitrile:distilledwater＝75：
2．ActivityofpamaHypunfiedceHulasestowaldsome
substmtes
２.LMCOhydI0]yzingactivi0／
Qystallinecellulose(ＭＣＣ50.0ｍｇ)wasaddedtolhe
reactionvial(volume:８mOcontainingO､O5Msodium
acetatebuffer(ｐＨ5.0)andshakenfbr24hat30oC、
T11ereafterlheenｺﾉmesolutionobtainedabovewasaddedto
theMCCsuspensionandthehydrolysiswasstarted(total
reactionsuspension:5.0ｍﾉbfinalconcentration:１０ｍｇ/mノ
MCC,1.0ｍｇ/inﾉe､可me)．Inmnediateb/andat24hafter
lhestartofthehydmlysis,apartofthereactionsuspension
(LOmOwastakenoutfbrthemeasurementofsomeen印me
activitiesandimmediatelycentrifilgedat4oCfbrl5mmat
3,O00xgTheconcentrationoftotalsugarinthe
recoveredsupematantwasmeasuledbythephenol-sulfUric
acidmelhod，andMCC-hydlDb/zingactiviU（mg-total
sugalｿg-pmtein/inin)wasestimatedGlucosewasusedasa
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2５（ＶＭ'6),ｆｌｏｗrate；ＬＯｍﾉﾊnm,cohmmtemp.：８０°Ｃ，
detection;reBactiveindex)．
The1℃actionsolutionwaseffhsedwilhaconstantflowm⑰e
thloughthemicmtubepumpsettolheoutletofthereactor
andlecoveredmlhecollector・Theconcentrationofsome
sugarsinthereactionsolutionatlheoutletwasaho
measuredatanarbihPalyreactiontimeTheMCC
suspenslonwasappliedtolheMCCIcservoiraftermolc
tlMm20hwhenMCCandlhebuffbrsohltionweTemixed、
TheinitialconcentrationofMCCandlheen刀ｍｅ(PEAKI
asdescribedbeIow)inthereactorwas,respectiveb/,50.0and
3.0ｍｇ/inLThereasonwhylhepHoflheMCCsuspenslon
wasadjustedto4・Sislhat6Pglucosidaseactivityinlhe
el町mewassomewhatinhibitedinthebufIbrsolutionma
prelimmalytestTheaverageresidencetimeoflhe
suspensionmthelCactorwas215h・Ｔｈｅｆｂｅｄｉｎｇｒａｈｅｏｆ
ＭＣＣｗａｓｌ２８ｍｇ/h,becauselheconcentrationofMCCm
lheMCCreservo1rwas5.5ｍｇ/inL
2.5.MeasulCmentofquantityofen刀me
T11equantityofen刀/mewasmeasuredbyLowW-Folin
meIhodBovineserumalbmnmwasusedasastandard．
3.ContinuousMCChydmblsis
Figlshowslheoutlineoflhecontinuousreaction
system・Thedevicebrulhafiltration（Amicon）seta
ultramembranefilterPM10，fHtration-limitedmolecular
mass：10,000）wasusedaslhereactor、TheMCC
suspensioninlhereactorwas５０ｍＬ
Ｍ、 Theo1℃ticalconsidemtion
Thesteadystateofthecontinuousreactionprocesscan
beevaluatedbythemassbalanceofMCCimhereactor・
Fig2showsamodelofthecontmuousreactionsystemin
thisstudy・MCCsuspension,Ｃ･(ｍg/、),isfedtothe
（）
BOIrmr
BnIrrDr
CＯFigLOutlineoflhecontinuousl巳acUonsysbem．
TheHquidsurf白cecontroUer(Levelgage,SA-107;FUjiwala）
wassettolheleacOor・ThewolkingvolImneinlhereactor
ｗａｓｈeldconstantbyconnectinglheliquidsurfacecontmller
andthepmnp(Sm,QG6;Yamazen)．MCCsuspenslonm
theMCCreservoir,whichwasplepaledwilhO・１Ｍsodium
acetatebuffbr(pH4.5),wasfbdto1helcactorviathepump
AndalsotheMCCsuspenslonwascirculatedwithahigh
speedbetweenlhepumpandlheMCCreservoirtoprevent
thesedimentationofMCCTheenコノmesolutionprepalCd
withtheabovｅｂｕｆｌｂｒｗａｓａｄｄｅｄｔｏｔｈｅｒｅａｃｔｏｒａｎｄthe
hydIob/siswasstarted・Thelcactiontemperaturewas28°Ｃ
Fig2AmodelofacondnuousMCChydmb/sispmccssC；
MCCconoennationinlhelCactor(mg/hM)ｂＦ;FlowlHbeaMhc
inletorlheouUet(mﾉﾘh),Ｖ;WOIkingvolumemdleleactor(､ﾉ)B
CC;FbedingconoenmtionofMCC(Ing/in０．
reactorwithaflowrabe,Ｆ(mml).Thewolkingvolume,MCC
concentmtionmlhereactorandlhemitialconcennHtionof
theel町memlhereactorareV(mﾉﾘ,Ｃ(mg/inﾉ)ａｎｄＥ。
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(mg/inO，respectiveIy・Onb/thereactionpmductsare
effilsedllnDughlheu]tramembranefiher，nleenzymeand
MCCareheldinlhereactomTheconcenhHtionoflhe
pmductsintheeiInsedsolutionisasslmnｅｄｔｏｂｅｍｈｅｓａｍｅ
ａｓｉｎｌｈａｔｍｌｈｅｒｅａｃＯor・Inolherwords，thereaction
suspensioninlhereactorisassumedtobelhestabeofthe
perfbctmixmg、TheHowrabeatlheoutletoflhereactor
mustbeF(mjI1)．IflheMCChydlob/sisrabeoflhe
enｺﾉmelsasslInedtober(mg/Ｍ１),themassbalancefDr
MCCinlhereacborcanbeexplcssedasEq.(1),because
solidMCCpalticlescannotbeeffilsedmmhelcactor．
lsconsideredlhattheeflbctiveMCCconcentrationonlhe
enｺﾉmereactionissubstantialb/lowlngeneral,1he
equationfbrlheenｺﾉmereactionmteOfMichaelis-Menten
typebexpressedasfbllows:ｒ＝kEoS/びくm+S)．Where,Ｅ０，
s，ｋａｎｄＫｍａｒｅｌｈｅｅｎ⑳meconcemtion，１hesubshHte
concentration，１hereactionrateconstantandMichaelis
constanLrespectively・Fmmheaboveconsideration,since
thesubstrate(S)concentrationisconsideredlowandlhatm
lhereactorisconstantinlhecontjnuousIcactionoperation，
1hereactionlaMsapplDximate]yexpressedasfbllows:ｒ＝
ｋEOS/Ｋｍ、KmvahlefbrMCChydrolysisbycellulase，
whichwasobtainedpreviousb/(nnaka,1981),ｗａｓ３３
ｍｇ/inLSincelheMCCconcenrationmthereactoras
shownmFig4(seebelow)waslhevaluemthevicinityof
theKm,1heaboveassumptionissuitable・ThusEq.(2)was
obtajnedFmmEqs.(1)and(2),theMCCconcentrationm
thereactorcanbeobtainedasEq.(3)．
(1)Ｖ(dOdO＝FＣｏ－Ｖｒ
Ｗｈｅｒａｔ(h)islhereactiontime・Inacontinuousen勿/me
reactionprocess,mgenelaLalongopemtionundersteady
staheisveIydifficultbecauseofinactivationofen刀/meand
pmductinhibitionTherefbre，１hefbllowmgcasesare
consideredonEq.(1)． Ｃ＝Cojnexp(-ｋＡＯ
＋征℃o化zEoV)){1-exp(-k+zEot)｝ (3)
1.Noinactivationofen可mneandnopHDductinhibition
AlthoughMCChydlob/sisiscaIriedoutbysome
diflbTentcelhllasecomponentsmtheen刀/mesolution,onb／
theovqallquantiUofsugarsploducedcanbemeasuredin
lhisexperimentTherefbre,byneglectinglheeffbctofeach
cehlasecomponentonlhereactionraheandconsidermgan
oveIallconcentrationoflheeu町ｍｅ(E),moleover,ifUle
en刀/mereactionrHteisassImnedtobeproportionaltoMCC
concemtmtioninlhereactor,theen勾/mereactionrahecanbe
explessedasEq.(2)．
Where,CojnisthemitialconcelmtionofMCCmthereactor
(t＝0,Ｃ＝Cojn)．
２.Pmductimhibition
IftheinhibitionfbrmisassumedlDbecompetitive,dle
enｺﾉmereactionrateisobtainedbysubstitutjngkI2《1+i/ＫＪ
ｍｐｌａｃｅｏｆｋｆ２ｍＥｑ.(2)．Sincelheconcemtionof
pmducLespeciallyceUobiose，isalmostconstantindle
steadystahe,lQ2/(1+i/Ki)ｃａｎbeassumedtobeconstant
TheIPeR〕re,bysubstitutingk+2/(1+i/Ki)inplaceofk+2ｍＥｑ．
(3),theMCCconcentrationinthereactorcanbeexp1℃ssed
asEq.(4)．
Ｃ＝COmexp(-k゛ZEot/(1+i/KJ)＋
［F℃/{k+ZEN(1+i/KJ}][1毛xp(-k+zEot/(1+i/Ｋ))］（４）
Where,iislheconcentrationofinhibitor(mg/in/),thatis，
(２）r＝kzEoC
Where,ｋ+ｚｉｓａｎ印parentfirstorderreactionlaheconstant
lnthehydlob/sisofMCCbycellulase,smcethehydlDlysis
occursonlymtheviciniUofthesurfhceofMCCparticles,iｔ
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ceIlobiose,andKi,theinhibitionconstant(mg/Ｍ)． ｡C,/dt＝(F7V)C10-IQ2JEoC1
dC2/dt＝(F7V)C2p-k+Z1EoC2
⑪
カ
ー
Ｉ
3.Inactivationofen可me
TheheatstabilityofcellulaseisvdyhighThe
inactivationoflheem可/meahnostdoesnotoccuraMhe
reactiontempemtureof30･CThehydIOb/sisofcellulose
bycellulaseisけequentbノperfbnnedatlhereaction
temperatuleinlhevicmiOノof50oCSincecellulases
strongb/adsorbceHulosesduringlhereaction,thefblmation
oflheen勾mesubstratecomplexplDbablymakesthe
en刀/meheabs鋤le、InlhisexperimenL1hereaction
temperaturewas28oCTherefbre，theinactivationof
enｺﾉmeduringlhehydIOb/siscouldbeneglected、Inthe
presentstudy，１helheoretjcalconsideIationonthe
inactivationoflheenzO/mewasomitted．
Bysolvmgtheseequations,ClandQaregivenbyEqs.(8)
and(9),respectiveU．
Cl＝Clpjnexp(-k処,Eot)＋
｛FC1p/(k翅JEoV)}{l-exp(-kｍECO｝
Cz＝C2pjnexp(-k翅２ECO＋
ＦＣ２ｐ/(k+z2EoV)){1-exp(-k+２２ECO）
(8)
(9)
Where,Ｃｌ＝ＣｌｐｍａｎｄＣｚ＝Ｃ２ｐｍｗｈｅｎｔ＝0．The
concentmtionofMCCinlhelcactorisexp1℃ssedaslhe
sumnationofC1andQ・
Imhecaseoflheproductinhibition，１heequations
colTespondingtoEq.（８）ａｎｄＥｑ.（９）are,Iespectiveb/，
obtainedbysubstitutingk翅,,/(1+i/K)inplaceoflQ2JinEq．
(6)andk翅２/(1+i/Ki)inplaceofk題’inEq.(7)．HOwevqB
thoseequationsweleomitbed．
4.CIystaUinityofceuuIose
lnlheaboveconsideration,theeffbctoflheclystalliniU
ofcellu]ｏｓｅｏｎｌｈｅｅｎコノmereactionlabeisneglected・
However，ＭＣＣconsistsoflheqystaHineleg1on
(apploximately709'6）andlheamolphous1℃glon
(appmximateb/３０川ThefbrmerlsveIydifficuhtobe
hydlDIyzedbyeu〃me,andthelatberiseasUyhydl0b/zed、
Therefblc,１hesetworegionsmustbeconsideledonlhe
hydlOlysisbycehlase、TheoverallconcentrationofMCC，
C(mg/nＭ),canbeexpressedasfbllows．
Resultsanddiscussion
l・PartiaUypmflcationofen可ｍｅ
Ｆｉｇ３ｓｈｏｗｓｌｈｅｒｅｓｕｌｔｏｆｐｕｒｉｆｉｃａtionofcrude
Meicelasebylhecohm､、。ⅢＯｍａｍｇ｢叩hy、Thefirstpeak
(tentativeb/namedPEAKI)isthe廿actioncontainingma1n
cellulaseactiviUandthesecondpeak(tentative1ynamed
PEAKII)islhe廿actioncontainingmain6Pglucosidase・
THblelshowsthespecificactivitiesofPEAKI,PEAK
IIandthecrudeenzymesoIution．MCC-hydrolyzing
actMtyandCMC-hydrolyzingactivityofthetwopeaks
wereverysimiIartothoseofthecrudeenzymesolution・
However,６－glucosidaseactivityofPEAKIandPEAKII
waslrespectiveIy,１/5500-andl2-fbldofthecmdee町ｍｅ
Ｃ＝Ｃｌ＋Ｇ (5)
Whele,Ｃｌ（mg/inﾉ）islheconcelmtionofMCCinlhe
clystallineregionandG(mg/inﾉ),inlheamorphousregion
FmmEqs.(1)and(2),themassbalancefbrClandQis，
respectively,givenbyEqs.(6)and(7)．
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Fractlonnumber(1fractIon:10ｍI）
1６０ ０２００４００６００
ReactIontIme(h）
Fig.４ＴｉｍｅoouIseofacontinuousMCChydlDb/sis.●；
CumulaIjvetotalsuga1(9)■；Cumulativecellobiose(9)ｂＸ；
RcsidualMCCinl巳actor(9)BQTbtalsug2uPinleactor(mg/inﾉ)，
□；CeUobioseinleactor(Ing/in0，△；Ｇ]uooseinIcactor
(Ing/in０．
Fig.３．PuliEcationoflhecludeMeioelasebyAmbdliteCG-50
(Iypemco]umnElutionbuHblsweleO25Msodiumapetahe
MbP(pH4.5)and0.30MsodiumacetabebuHbr(pH5.0)．
３Tab]eLCompmsonoflhcpaltiaUypulihedoellulaseactivitics
towmvanoussubsmIhes
MCChydrcIyOIc
acOlvIty
m咽totalsugaIｿﾛﾉ
mIn）
CMChydroIyIIc
acOIvlty
ITUreducIngsugaIｿｇ
ｍＩｎ）
２
１
〈国〉。シｃ』。］ｏ何③』Ｅ－ｏｏ室
脾NPGhydroIylに
aclIvny
Ingp-NPね/mIn） 一層三Fﾎﾞｰ｣二二
k+2雪.Ox10s（ｍＩ/mg/h）
UKI=8.2×１０１ｎ
Ｅｑ.(3)
ｋ◆2=5.0×1０．３（mUmg/h）
瓦
xxx万、
PEAKI
PEAKII
CrudecelluIase
2.8×１０２
１．６×１０３
５．９×1０２
1.0×１０．２
６．９×１０２
５．５×１０
１
９
１
●
●
●
３
３
４
solutionThisfindingsuggestedthatmajor6PgIucosidase
actiViUwas1℃movedmmPEAKLPEAKIwasusedin
thiseXperimenL
CＯ 100２００３００
ReactIontIme(h）
400
Fig.５．SmulationbetweenlhecalculabedvalucsbyEqs(3)
皿｡(4)mdlhe印pelimentalvaluesfbrlhelesidualMCCinthe
lcactomCqm＝50(mg/inﾉ),ＣＯ＝5.5(Ing/hM),EC＝3.0(mg/inﾉ)，
F＝２３(､川Ｗ＝50(mﾉ),kl2＝５０xlO-3(nM/ing/h),i/Ki＝８２
xlOFI(-)．
2.ContinuousceHobiosepmductionwithfbedingMCC
Fi9.4showslhatlhetimecoulseofacontinuousMCC
hydlob/sｉｓｂｙＰＥＡＫＩ（3.0ｍｇ/hM）underlheinitial
concenhHtionofMCC(50.0ｍｇ/inOinlhelBactor、
TheMCCsuspension(5.5ｍｇ/ｍＭ℃mtheMCC
IeservoⅡwasfedtothereactorwiIhlhef1owlateofl2.8ｍｇ
MCC/hlnotheTwords,theaverageresidencetimeofthe
MCCsuspensioninlheIeactorwas215hThecellobiose
concentrationinthereactorbecamealmostconstant
(approximately3､５‐３．０ｍｇ/in/)asasteadystateafter
appmximatelyl68hofthereactionDuringthesteady
state,theresidualMCCconcentrationmthereactorwas35
mg/mLHowever,theresidualMCCconcentrationmthe
lCactor,infhcLgraduallyincreasedinanextremeb/slowrate、
A1though85mgofPEAKIwasaddedmthereactorafter
－ －-－
0.25Ｍ･PＨ4.5 0.30Ｍ.ｐＨ5.0
PEAKH
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byEq.(4),mwhichlheproductinhibitionwasconsideM，
thevaluesobtajnedbylhesummationofEqs.(8)and(9)was
goodconsistentwiththeexperimentalvalues・Further,the
ratioofkf22tokn,lwasappmxnabeb/１０．nlisfindmg
mdicabeslhatthehydloはsisrateoflheamolphousregionby
tｈｅｅｎ勾/ｍｅｗａｓｌＯ－ｆｂｌｄａｓｈighasthatoflheclystalline
region．ＴｈｉｓｗａＭｈｅｓａｍｅａｓｍｔｈｅｅｘｐｅｒｉｍｅｎｔａｌｒｅｓuh
obtainedbyKamikuboandMatsmo.(1983)．
Fmmlhesesimulations,thereasonwhylheresidual
MCCmlhereactorincreasedgmduallyduringlhe
continuoushydmb/sisafterapplDximateb/３００hofthe
reactionappearedtobenotthatlhemactivationoflhe
en可/meandlhepmductinhibitionoccun℃d，buMhatlhe
fbedingquantiUofMmtolhｅｌＣａｃｔｏｒｗａｓｓlightb/
excessⅣe、
２
１
ｇｏシ・』。』ｕ貝置Ｅ－Ｑｏエ
ｘ鷺ｘＨ
＝＝＿r一一河一一
Ｅｑ.(8)＋Eq.(9)
k･ﾕに1.9Ｘ10ｓ（mUmg/h）
k･率-1.8Ｘ1０．２（mUmg/h）
０
０ 100２００３００４００
Ｒ０ａｃｔＩｏｎｔｌｍｅ(h）
Fig.６Snulationbetwecnthccalculabedvaluesbylhe
summationofEqs(8)and(9)mdlhe団perimentalvaluesfbr
thclBsidualMCCmlhcl巳actonk#2,＝0.0019(nM/ing/h)JQ22
=0.018(IMing/h)．T11eolherconstantsweMhesmleasm
Fig.５．NotelhatoeUuloseoonsistsoflheqystallinelcgion
(70川andlhe2nnolphouslegion(3090.
S76hofthereaction,1hehydmlysislHtedidnotmcrease・
Therebre,IheincreaseinlheresidualMCCappealedto
resuhmmlheexcessivefbedmglHheofMCCtolhereactor
andthepmductinhibitionnherlhanlhemactivationoflhe
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印刻/ｍｅ．
3.SmmationofMCCconcentmtioninthe1℃actor
Fig・sshowslhesimulationoftheexperimentalvalues
byEqs.(3)and(4)．ThevaluescalculatedbyEq.(4),in
Whichlhepmductinhibitionwasconsidered，weIe
unsatisfhctorUyconsistentwilhlheexperimentalvalues・
TheHefble,onlhebasbofthefhctlhatMCCconsistsoflhe
qystallinelcglonandlheamorphouslcg1on，andlhe
hydlob/sisrateoflhoseregionsbycellulasesisdiffbrent
homeachother,theexperimentalvaluesweresimulabeｄｂｙ
Ｅｑｓ.（８）ａｎｄ(9)．Fig6showsthesimulationofthe
experimentalvaluesbythesummationofEqs.(8)and(9)．
nlesolidcurvewasobtainedask+2J＝00019(ｍ』/ing/h)and
k+２２=0.018(Ｍing/h)．Incomparlsonwilhthesimulation
